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METHODS  OF  APPROXIMATE  COMPUTATION  OF  HUMAN  ENDURANCE  IN  HIGH  AND 
LOW  TEMPERATURE  ENVIRONMENTS 

V.I.  Krichagin 


The  problem  of  maintaining  capacity  for  work  of  personnel  under 
unfavorable  exterior  microclimatic  conditions  is  beginning  to  acquire  importance 
among  the  many  problems  of  medically  safeguarding  the  combat  training  activity 
of  troops. 

First,  this  is  connected  with  the  fact  that  as  military  technology  (as 
well  as  defense  installations)  becomes  more  complex,  persons  in  charge  become 
increasingly  isolated  from  the  environment.  Ou  the  agenda  has  been  put  the 
problem  of  standardizing  living  condition?  in  the  working  accommodations  of 
aircraft  and  submarine  crews,  etc.,  the  atmosphere  and  climate  of  which  basically 
created  artificially  by  technical  means,  aJ though  they  do  of  course  depend 
on  external  conditions  to  some  extent.  It  is  well-known  chat  the  maintenance 
of  comfortable  levels  of  temperature,  humidity,  and  atmospheric  composition 
is  a  technically  solvable  problem.  However,  air-conditioning  demands  large 
expenditures  of  energy  and  increases  the  weight  and  size  of  object*.  Therefore,  in 
most  defense  structures,  especially  in  mobile  combat  systems,  one  need  not  figure  on 
providing  a  comfortable  microclimate  in  the  wide  sense  of  this  terr,»  but  at 
certain  periods  it  is  entirely  probable  and  unavoidable  that  even  unfavorable 
temperature  and  humidity  conditions  will  have  to  be  permitted. 

Norwlization  of  the  allowable  limits  of  a  particular  unfavorable  or  unde¬ 
sirable  combination  of  temperature  and  humidity  is  necessary,  since  severe  breech 
of  these  limits  have  a  negative  effect  on  »,,’e  working  and  fighting  ability,  as 
well  as  the  health,  of  the  personnel  carrying  out  a  combat  mission. 

When  determining  the  degree  of  allowable  deviation  from  a  comfortable 
microclimate  in  a  particular  structure,  it  is  necessary  to  take  into  account  the 
character  and  intensity  of  the  teak  being  carried  out  by  military  personnel  at 
the  given  phase  of  combat  task:  therefore  it  is  not  possible  to  give  a  general 
procedure  for  establishing  allowable  air  temperature  and  humidity  levels  for  all 
items  of  military  technology  :and  defense  structures.  However,  it  is  possible  to  for¬ 
mulate  general  points  of  departure  which  may  be  used  as  guides  to  work  out 
tactical  and  technical  assignments  for  life  support  systems,  to  evaluate  habit¬ 
ability  conditions  in  existing  projected  experimental  military  technology, 
to  analyze  climatic  conditions  cf  a  particular  proposed  theater  of  military 
operations,  etc.  The  secriteria  should  be  a  definite  set  of  physiological  indeces 
characterizing  the  different  stages  of  effort  of  the  defense  reactions  of  the  body 
to  a  worsening  or  an  extreme  increase  in  heat  otfput  ard  the  correlated  connections 
that  have  already  been  scientifically  established  between  the  meteorological 
characteristics  of  the  environment  of  habitation  and  the  response  of  the  body 
to  this  environment. 

Numerous  scientific  articles  have  been  written  on  ’:he  problems  of  the  pro¬ 
tection  of  people  from  heat  and  cold  und  the  study  of  huaan  tolerance  of  high  and 
1 jw  temperature?.  Various  systems  of  all-inclusive  indexes,  formulas,  nomograms, 
etc.  have  berm  suggested.  But  occasionally  it  has  sometimes  been  difficult  for  the 
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hygienist  or  the  engineer  to  make  any  sense  out  of  all  the  details  about  the  various 
concepts  that  have  been  presented  by  various  schools  of  scientific  thought.  Thus, 
as  yet  rules  have  not  been  delineate'!  for  the  application  of  comfort,  operational, 
equivalent,  radiation  and  other  teaperatures  intended  for  evaluation  nf  influence 
of  the  coaplex  of  external  environaental  condition?  on  the  huaan  organism.  These 
indexes  allow  a  rather  close  determination  of  the  io-caliecl  heat  coafort  zone 
hut  are  not  very  useful  for  evaluating  che  weight  of  a  particular  uncomfortable 
conditions  and  detersining  the  allowable  time  period  man  can  remain  in  these 
conditions.  Taking  into  account  that  in  the  practical  work  of  evaluating  off  the 
shelf  iteas  (or  comparing  requirements  for  planned  items)  we  aost  often  have 
to  deal  witfc  rather  crude  estimates,  we  have  set  ourselves  a  goal  of  compiling 
correlated  outlines  containing  a  set  of  initial  data  for  solving  problem*? 
occurring  lit  daily  practice.  In  order  to  do  thin,  we  compiled,  analyzed,  processed, 
/“vrtlally  recalculated  and  converted  data  from  tie  articles  on  the  subject  that 
vi  re  available  to  us.  The  results  are  listed  in  the  following  composite  tables 
and  graphs. 

Table  1  shows  the  whole  range  of  thermal  activity  of  the  external  environment 
conditionally  subdivided  into  a  series  of  degrees  of  discomforts.  These,  degrees 
of  discoafotts  are  listed  according  to  a  scale  of  subjected  heat  sensoxs  distributed 
throughout the  environment  by  physiologists  and  hygienists*  these  are  characteristics 
of  the  thermal  state  of  the  organism  to  a  known  extent.  The  indicators  are 
calculated  for  a  man  weighing  65  kilograms  and  having  a  body  surface  area  of  1.6  nr . 

Points  1-9  give  data  established  by  instruments  in  hygienic  research  or  indica¬ 
tors  by  means  of  which  it  is  possible  to  evaluate  the  degree  of  thermal  activity 
of  a  environment  in  an  organism  tinder  studied.  Points  11-13,  while  explaining 
the  absence  in  scientific  liturature  of  sufficient  and  concrete  values,  never¬ 
theless  rather  carefully  gives  a  basis  for  estimating  the  norms  for  the  problem 
of  the  allowable  time  man  may  remain  in  a  given  environment  in  objects  at  varying 
degrees  of  thermal  load.  Thu*  for  exa^ile,  if  an  insignificant  reduction  in 
the  accuracy  of  work  being  carried  out  by  a  man  and  a  202  less  in  labor  pro¬ 
ductivity  is  allowable  in  his  working  conditions, then  in  the  given  object  a 
calculation  of  the  microclimate  on  discomfort  of  tne  first  degree  is  allowable, 
etc.  It  should  be  pointed  out  that  the  table  has  been  worked  out  to  be  applied 
to  research  objects  in  a  state  of  rest  or  performing  relative  light  physical  work 
(thermal  production  up  to  150  keal/hr.). 

Thus  a  summary  of  the  data  given  in  Table  1  for  the  results  of  physiological 
research  of  heating  exchange  indicators  makes  it  possible  to  evaluate  the  in¬ 
tensity  of  environmental  effects  on  human  habitability.  This  evaluation  is  given 
in  large  discomfort  categories  I,  II,  and  III  degrees  which  are  convenient  for 
establishing  norma.  The  implications  will  become  clear  in  point  9-13  of  the  same 
table.  I»t  addition,  the  table  contains  a  number  of  general  indicators,  such 
as  arithmetic  average  temperatures  of  the  body  and  skin,  change  in  latent  heat 
of  the  organisms  and  others  which  mny  be  proposed  as  a  basic  for  thermal  technical 
calculations  for  protective  means,  air-conditioning  period  of  endurance,  etc. 

Due  the  multitude  of  criteria  contained  in  this  and  other  tables,  it  Is  possible 
to  give  a  detailed  explanation  of  the  significance  of  each  one  of  them  or  to 
give  examples  of  their  use  within  the  scope  at  this  article;.  For  tnis  reason,  it 
turned  out  to  be  impossible  to  corroborate  numerical  values  with  references  to 
their  sources  from  which  they  are  taken,  since  each  value  i3  a  comparison  of  data 
of  several  other  authors,  and  in  many  cases  arc  only  now  being  verified  in  current 
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scientific  research.  For  a  basis  in  compiling  the  tables,  we  used  works  by 
Soviet  hygienist  I. I.  Bobrov,  H.F.  Galanin,  G.  Kh  Shakhbazyan,  N.K.  Vitte, 
V.S.  Freyclyn  and  other  researchers  who  have  been  published  abroad  (Vlinslow, 
Herrington,  tievburg,  Barton,  Webb  aud  others). 


TABLE  X 


Indicators  for  an  Objective  Evaluation  of  Hunan  Thermal  States 


Point  Indicators 


Thermal  State  and  Thermal  Sensitivity 


Discomfort 
Third  State 
(very  hot) 


Discomfort 
Second  Stage 
(hot) 


Discomfort 
First  State 
(warm) 


Comfort 


Disccrfort 
First  Stage 
(cool) 


Discomfort 
Second  St . ge 
(cold) 


Discomfort 
Third  Stage 
(very  cold) 


1.  Body  temperatures  (rectal)  it\  *c/  Gradually  increases  more  than  0.3*  per  hour/ 
About  37.6-37.8/  37. 2-3’. 6  /  37. 2+0. A  varying  not  mote  than  0.2*/ 

per  hour  /  Decrease  to  36*  at  a  rate  greater  th  in  0.2*  per  hour/ 

35.5+0.5  /  Lower  than  33* 


2.  Armpit  temperature  in  *C  /  not  characteristic  /  not  characteristic/ 

36.6-37  /  36.5+0.4  varying  not  more  than  0.2*  per  hour  /  on  the  lower  borders/ 

of  comforts  /  lower  than  36  /  lower  than  35 


3. 


Average  skin  temperatures  in 
34.9+0.7  /  33.2+1  / 

Average  body  temperatures^  / 
37.2+0.3  /  36.6+0.3  / 


•C1  /  more  than  36.6*/  36+0.6/ 

31.1+1  /  29 .  P  J  /  lower  than  28.1  / 

high»'  .*  than  37.5  (specif ic  endurance  is  at  38.2)  / 
35.8+C.5 /  34.8+0.5  /  33.6+0.7/  under  33 


4.  Difference  between  torso  temp.  6  extremities/  (feet  and  wrists)  in  *C/ 

lacking  o"  inverse/  1*  or  less;  higher  st  f;  than  at  the  wrists/ 

1. 8+0,7/  3+0.5  /  5+1.5/  f /on  6.5  to  15/  temp,  gradually  falls 

5.  Temp.  4  Humidity  of  subclose  air  around  the  totrto*'  rone  V/  zone  IV / 

son*  III  /  zone  II  /  zoue  I  /  unde  •  26*  /  under  26* 


6.  Water  loss  i*  ;ram&  per  hour  /  500-2000,  sostly  o'  persp  ration  drips  off/ 

250-500,  negtigibr.«  fraction  of  perspiration  dtlps  >.'f  /  60-250,  persplreeiom 

does  not  drip/  50+10  /  under  40  /  insufficiently  studied;  not 

characteristic/  insufficiently  studied  .  not  characteristic 
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7.  Changes  of  latent  heat  in  the  organism  in  I.cal*  (base:  level  of  average 

comfortable  temperatures)/  over  80(a  specific  endurance  around  120)/ 

up  to  +80/  up  to  +50  /  +25  /  down  to  -80  /  -160  / 

more  than  160  (endurance  limit  180-200) 


6.  External  indicators  /  acute  .eddening  of  '.he  skin,  svcliiirg  of  the 

veins  on  the  face  and  extremities,  prefuse  pci  spr.ation/  reddening  of  the 

skin,  swelling  of  veins  of  the  extremetles,  m  ch  perspiration/ 
light  reddening  of  the  skin,  surface  vein  bee- me  visible  at  the  extremetles, 
perspiration  in  certain  areas  of  the  body/  not  peesp* ration  / 

cutaneous  blood  pales;  ;pasm  of  surTr:e  vein  md  capillary  network/ 
light  question  of  the  skin  end  mucilaginous  ptrt,  periodic  shivering/ 
question  of  the  skinand  mucilaginous  part,  shivering 


V 


umiMwm  iw— iwr1 


9.  Physiological  displacement  (vegetative  reaction)/  increase  oi  exchange 

by  15Z  and  no  re,  pulse  increases  more  than  15  strokes  a  min  (danger  level  is 
J40  strokes  a  «in)/  pulse  increases up  to  15  strokes  a  win  / 

no.e  /  none  /  none  /  10-151  acre  heat  is  produced 

(Pulse  increases  up  to  15  tiaes  a  min)  /  short-tern  (2-3  hrs)  increase 
in  heat  producec  up  to  300  kcal/hr;  pules  increases  up  to  120  tiaes  a  aln 

10.  General  characteristics  of  the  state  of  theraal  regulation/ 

sharp  tension  in  the  aechanisas  for  the  increase  of  neat  yield;  danger  of  com¬ 
pensation  failure/  strong  tension  of  the  aechanisa  for  increasing 

giving  off  of  heat  (coaplete  compensation)/  weak  tension  of  the 

aechanisas  for  increasing  the  yielding  of  heat/  physiological  equilibrium / 

light  tension  of  the  aechanisas  for  aaintaining  heat  /  strong  tension 
of  the  mechanism  for  aaintaining  heal/  sharp  tension  of  the  aechanisa  for 
asintsining  heat;  danger  of  coapensation  failure 

11.  Reduction  in  labor  productivity  in  Z  /  up  to  50Z  and  aore  aft.or  1/2-1  hr/ 

up  to  50Z  and  higher  in  3-4  hrs/  up  to  10-20  after  6-3  hr.?/ 
none  up  to  10-20  in  6-8  hrs.  /  up  to  30-50  after  four  htijr*,  / 
up  to  50Z  and  aore  after  1/2-1  hr. 

12.  Reduction  in  reliability  of  perforaing  exact  operations/'  operations  possible 

with  great  will  power  /  substantial  /  neglegible  /  rioue  / 

negligible  substantial  /  operation  possible  with  great  will  power 

13.  Halt  of  endurance  for  perforaing  skilled  work/  up  to  30  ainutes/ 

four  hcura  /  12  hours  /  unlimited  /  12  hours  /  4  hours/ 

up  to  30  alnutes 

F00TNOTLS; 

1)  Method  and  aeesuring  dlagraa;  see  V.  Raasayev;  R.F.  Af anas 'yea;  V.I. 

Krachagin,  L.B.  Kaz«attsev 

2)  Method  of  detei-aination  of  foraula:  see  Rarton  and  Evttola;  for  the  aeasureaeat 
of  theraal  retention:  Blokley  and  Webb. 

3)  See  graph 
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The  graph  below  Is  designed  to  predict  roughly  the  degree  of  effect  of  high 
tempercure  conditions  on  m/a.  The  graph  i&  constructed  as  follows:  air  temperature 
as  seas u red  by  a  dry  thermometer  is  laid  out  along  the  vertical  axis  in  iso- 
chrometric  fora;  the  partial  persaure  of  water  vapor  in  rir  is  laid  out  along  the 
horizontal  axis  in  millimeters  of  mercury,  millibars  of  g/kg),  and  the  fan-like 
lines  denote  relative  humidity  of  the  air  in  percent.  The  straight  lines  In  bold 
priat  numbered  1-6  ars  made  by  the  combinations  of  temperatures  r-d  humidity  which 
according  to  data  from  Winslow,  Herrington  and  other  authors,  characterize  identical 
states  of  thermal  regulations  of  the  organ is as  and  at  the  *a-«  time  approximately 
correspond  to  the  transition  of  one  thermal  state  to  another.  The  grap';  vas 
teutel  according  to  the  data  of  various  researchers  (A. A.  Putllova,  V.S.  Freydlin, 

6.  Kh  Shakhbazyan,  N.k.  Vitte,  Hotuoka  and  others)  and  the  graph  was  also  used  in 
continuous  experimental  operations,  thereby  establishing  that  the  line  and  the 
zones  included  between  them  corresponds  well  with  man's  subjective  fields  and  m3cea 
possible  an  objective  evaluation  of  /mlort  or  the  degree  of  discomfort  of  a 
given  external  environment.  Naturally  one  graph  like  this  cannot  encompass  all 
conceivable  combinations  of  factors  in  «  given  environment  wind,  radiation,  type 
of  clothing,  etc.).  Therefore,  we  prepared  the  gr*~h  for  application  to  so-called 
zero  conditions:  for  naked  people  in  a  state  of  r  dative  rest  or  performing  light 
work  producing  up  to  150  keals/hr  of  heat),  in  the  absence  of  radiation  and  wind. 
Since  a  subclosed  layer  of  air  itssudiately  surrounds  a  dressed  pet.  on,  tbs  graph 
is  useful  In  thz  evaluation  of  thermal  sensitivity  to  temperature  end  humidity  of 
the  latter. 


6 


IkoTtrtmmp*  ittmti 


&M 

*ve**»m*  iwryw 
•tiiekmm*  tta* 


1  ♦  6  6  »  '?*  *9  aJXXXJQXMXJHtmtli 
ABSOLUTE  HUMIDITY 


1  -  oorder  between  states  end  eoafort  end  cool  for  e  lightly  dressed  person  at  rest; 

2  -  border  between  eoafort  sad  wan  for  an  undressed  or  lightly  dressed  person; 

3  -  border  between  war  and  hot;  4  -  border  between  hot  and  very  hot;  5  -  upper  Unit 
where  it  is  possible  to  maintain  a  stable  body  temperature  by  means  of  wind,  a  fan  or 
forcing  air  under  the  dothers;  6  -  the  limit  wham  an  air  flow  or  forcing  air  under 
the  dother  does  not  slow  down  an  increase  in  body  temperature  and  only  worseni  the 
faeling  of  discomfort.  Body  temperature  is  1-1.2*  per  hour  (a  working  man  has  a 
higher  rate  of  increase). 

I.  cool  zone  (for  an  undressed  person  at  rest),  discomfort  of  the  first  degree; 

II.  comfort  zone 

III.  warm  zone,  discomfort  of  the  first  degree; 

IV.  hot  zone,  discomfort  of  the  second  degree; 

very  hot  zone,  discomfort  of  the  third  degree  where  without  ventilation 
a  slow  overheating  is  possible; 

VI.  zone  of  inevitable  overheating  with  the  rate  of  temperature  increase 
being  0. 2-1.2*  per  hour; 

VII.  zone  of  rapid  overheating  guaranteeing  a  survival  time  of  1-2  hours  or 

less 

the  calibration  from  -2  to  +30  ranged  along  tho  relative  humidity  line  for 
10Z  denotes  the  temperature  of  a  wet  temperature  at  this  humidity. 

If  for  example,  one  connects  the  straight  line  of  th*  calibrations  for 
20  with  the  intersecting  point  on  the  horizontal  axis  for  the  dry  thermo¬ 
meter  teaperature  +20  and  the  line  100  for  humidity,  one  obtains  rhe  graphic 
value  of  the  teaperature  of  a  wet  thermometer  of  all  intensediftte  values 
of  »elv  've  humidity. 


When  using  the  graph  in  other  cases,  it  is  necessary  to  sake  the  following 
additions. 

1.  At  temperature*  below  27*  for  the  thermal  state  of  nan,  some  sort  of 
clothing  is  provided;  in  this  case  for  an  objective  evaluation  of  themal  sensitivity 
it  is  nece  sary  to  draw  in  on  the  graph  the  teaperature  and  huaidity  of  subclosing 
air  andndf  external  air  (automatically  tricing  into  account  radiation  and 
wind). 


2.  At  teaperatures  above  27*  fer  light  clothing,  the  difference  between  the 
microclimate  and  the  subcloslng  air  can  be  neglected  and  the  effect  of  the 
enviroaaent  can  be  evaluated  directly  by  teaperature  and  huaidity  indicators  with 
relatively  saall  degree  of  error.  This  is  explained  by  the  fact  that  at  these 
teaperature,  the  great* st  anoint  cf  heat  given  off  occurs  through  the  evaporation 
of  perspiration  which  largely  depends  on  the  ability  of  the  enviroaaent  to  evaporate. 
Ordinary  light  clothing  however,  as  our  research  shows,  lowers  the  efficiency 
of  evaporation  if  there  is  no  wind  by  10  to  15Z,  and  if  there  is  a  wind  as  a  rule  it 
barely  lowers  it  at  all.  In  case  analysis  of  subjective  sensitivity  is  necessary 
for  persons  dressed  in  specially  provided  clothing  which  is  inappropriate  for  the 
season  of  the  year,  it  is  of  course  necessary  to  drew  pareaeters  on  the  graph 
for  sub closing  air. 

3.  When  the  air  teaperature  and  that  of  the  protective  environment  ie  aore  than 
±5*  it  is  necessary  to  take  into  account  the  additional  flow  or  yield  of  heat  by 
radiation  and  to  aake  corrections  for  it  (see  table  2,  subdivision  A,  point  6, 
Subdivision  B,  point  2).  In  addition,  the  graph  delimits  the  zone  of  unallowable 
high  air  huaidity.  According  to  date  from  Robinson,  Turrel  and  other  researchers, 
the  efficiency  of  evaporation  for  dressed  persons  begins  to  be  reduced  at  huaidity 
level  above  60S;  a  particularly  sharp  reduction  is  noticed  when  the  huaidity 
increases  above  80Z.  Taking  into  account  the  difficulty  of  reducing  air  huaidity 
down  to  60Z  which  is  required  for  general  hygiene  norms  and  the  game rally  ignored 
resulting  non,  we  consider  it  necessary  to  eaphaslze  an  absolute  unreliability 
on  our  graph  of  huaidity  above  802,  although  formally  these  are  degrees  I  end 
II  of  diecoafoits.  Many  researchers  have  noted  that  heat  given  off  evaporation 
in  these  conditions  due  to  possible  condensation  of  moisture*  in  the  clothing 
is  £.*■  low  efficiency. 

From  the  above  and  explanations  presented  with  the  graph,  it  la  not 
difficult  to  explain  the  order  of  their  use.  Thus  for  exsaple,  conditions  denoted 
by  the  letter  A  correspond  to  a  temperature  of  39.5*  ana  relative  huaidity  of 
about  18Z  (absolute  humidity  9  millimeters  of  mercury  or  12  cab  of  3  g/kg)  th.’S* 
conditions  being  given  in  zone  IV,  l.e.  they  are  hot.  Further,  if  one  compares 
conditions  at  B  (47*  and  19Z  relative  hiaidit^  with  condition  G  (41*  and  602 
relative  humidity)  then  it  is  possible  to  affirm  that  in  the  first  esse  there  is 
no  reason  to  fear  rapid  overheating  while  in  the  second  case  the  endurance 
time  is  1-2  hours  at  the  most,  although  the  temperature  of  conditions  st  G  are 
lower  than  condi t ' one  at  C  even  though  temperature  conditions  at  G  ere  6*  lower 
than  the  Condition  at  C. 
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Conditions  at  B  are  identical  to  conditions  at  A  in  thermal  effect  on  nan, 
although  B  is  a  lower  temperature.  If  one  notices  the  course  of  the  lines  limit¬ 
ing  the  thermal  states,  one  will  see  that  the  equivalency  of  these  conditions  is 
relative  since  at  low  humidities  the  organism  has  -»re  reserve  capabilities  than 
at  higher  humidities.  Thus,  temperature  and  humidity  increase  in  the  subclose 
layer  of  air  which  is  observed,  for  instance,  during  physical  work  provides 
considerably  less  worsening  of  subjective  evaluation  in  condltoins  A  than  the  same 
increase  does  in  condition  B  (see  the  arrows  pointing  awey  from  A  and  B  in  the  graph) . 

The  use  of  the  graph  will  make  possible  a  rapid  alamt  obvious  rough  esti¬ 
mation  or  prediction  of  the  subjective  feeling  of  t  k  ker  and  an  approximate 
characterization  of  the  degree  of  influence  of  external  conditions  on  his 
capacity  to  work  according  to  table  1. 

It  has  turned  out  to  b*  quite  convenient  to  droc  in  on  graph  data  from 
the  research  in  the  microclimatic  conditions  of  diffc  *e-.c  otjccts  of  working 
environments,  subclothing  or  sub  -  one  piece  clothing  -i'.roctly  during  the  course 
of  the  experiment  which  has  made  it  possible  to  accelerate  the  yield  of  a  pre¬ 
liminary  conclusion  according  to  the  experimental  system.  On  tue  graph  the  dotted 
line  represents  the  area  of  day  and  night  temperatures  which  we  round  in  some  of 
the  objects  we  studied.  It  is  not  difficult  to  see  that  a  wordy  description  of  the 
dynamics  of  these  conditions  would  take  up  more  space  and  lose  .light  of  the 
obvious  length  with  the  subjective  feeling  of  man.  At  the  same  time  it  is 
possible  to  say  directly  from  the  graph  that  at  nighttime  the  microclimate  in  the 
object  is  characterised  by  acceptable  and  comfortable  conditions  with  a  slight 
surplus  of  humidity.  But  in  the  daytime,  especially  in  the  hott'Vtt  time,  people 
are  in  a  state  of  discomfort  of  the  second  degree  (zone  IV). 

However,  the  above  basically  concerns  a  method  of  evaluating  human 
endurance  in  high  temperatures.  In  low  temperatures,  due  to  the  possibility 
of  wide  variation  of  thermal  insulating  means,  closed  and  external  climatic 
conditions  are  not  eo  closely  related  with  the  subjective  evaluation  of  man  that 
they  could  be  presented  In  the  form  of  a  similar  simple  graph. 

In  order  to  solve  the  problems  of  evaluation  and  prediction  of  thermal 
state  of  an  organism  of  military  specialist  at  different  levels  of  physical  dross 
and  possible  variants  in  clothing  worn  we  compiled  a  summarized  tall*  containing 
the  initial  data  for  a  rough  calculation  of  the  thermal  balance  of  vhc  organism 
On  the  basis  of  the  construction  table  we  used  a  division  of  factors  responsible 
for  the  increase  and  reductions  of  latent  heat  in  the  organism. 

In  section  A  (increase  in  latent  heat)  unified  roeried-off  data  for  at- 
average  man  are  given  (weighing  63-70  kg  with  body  area  of  1.5-1. 6  nz)  according 
to  levels  of  endogenous  formations  of  heat  and  exogenous  thermal  flow  (pointv 
5-7).  In  section  B  the  limits  are  given  for  the  variations  in  heat  yieldec 
depending  cn  the  physical  indicators  of  the  surrounding  environment  (poinfa  ’,*>«7) 
physiological  capabilities  of  the  organism  (points  3  and  6)  and  thermal  insui.ttijn 
properties  of  clothing  (point  5) • 
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TABU  II 

SIMIU1ZED  TABLE  FOB  HIE  MUM  OOUTUTATIC*  or  HEXt  l 
BALANCE  U  HAN  UWE*  DimffiXI  CONDITIONS  FULFOmillC 

Bimsm  TTFkS  or  activities  and  meaning  cun*  i*c 


A.  UcitiN  Is  latest  keac 

lit  OMctnlM  Mctteln  aoA  hit  U 

(low  of  Hk  towarA  Um  heal /hr 


Boat  a  wdwm;  boat  fonatloa, 
associated  by  ctwalul  procoasas 
asppsrtlag  liw  (wKtltat  V  -  /# 


Factor*  of foe tine  tho 
fjrualc*  of  latent  boat 


Cl*— lar  activity  lml  ot 
iatanal  MtmlM  (saloly 
the  tayroiA  |laN) 


Baste  wrimy  a*4  tor— tio*  of 
hoot  ot  atatlc  m*cU  taaaioa 
(ot— Aloe  A  alttia*) 

Boole  eachaoga  aaA  foraatlo* 
of  hoot  (Am  pa  rf  oral  a*  phy- 
olcal  labor; 

•)  light 


b)  loCarocAIate 


9013$ 


ft «-00O 


tS0-ar* 


3f$~*** 


yoatl— 


levol  of  physical  looA 


work  >f  navigator  or  roAio 
—  la  t'ryUac,  class— 


aTJtary  Aril  ling,  ulUai 
Ska*  hr,  g— ttiao  fir  lap 
A  rissole*  woo— os; 

work  a t  aa  alrplrn  taehal- 
cIob  whaa  carrying  t  —dog 
heavy  objects,  carry  lap  a 
parse* a* a,  farcaA  walking  at 

aahfer; 


/IKAb 


is— ft g.  fast  walk  aa  sklss, 
corrylag  heavy  waists, 
awl— lag,  eras*  coastry  work, 
hoslag,  horA  sport  act  Id  t  lar 


f)  for  —  right  h 
Nay  (average) 

lata  -woSloto 


,  edsodag,  lift  lag 
(for  reeecAs) 


Altotaatloa  of  pedaA*  of 
work  oaA  root,  rhytha  of  « 


Boole  eschaage  aw*  ref  lector 
protective  lacreoee  of  heat, 
crave teloa  weAar  cool lag 
(ehoaleol  tberaa 1  regal at loo) : 
o)  cool  (rhfwerteg) 

b)  very  cell, threatening  life 
(violent  shivering) 


asw-^^o 


nt-tv 


taoulticleot  clacking  to 
preserve  heat 
for  o  soap  la,  when  fall  lag 
lota  cola  water 


Passible  hast  flow  froo 
tho  external  environ oent  la 
sotwrol  ceolltoM; 
o)  free  the  a— 

b)  froo  hot  air 


flow  of  heat  f Trm  valla 
by  raAiatlon 


f  JW  Faalt lea, type  of  clocking. 

color  of  toe  aor/see,  vtoA 

0-1  SO 

(lo  a  scale  Fnraoclty  of  clothlae.  Ite 
froo  aJSe  goailty  aa  a  heat  i>»»l3t«f, 

♦AS*)  wioA  velocity. 

for  every  Aetrve  above  *))' 


S*A  t separators  of  vat^r  (Oat  a 

(lootast-  for  tiaptrAwc  of  a  (ielf 
awealy)  AO*) 
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IVtaMag  a  glass  of  hot 
tea(p!atv  of  eevp) 


IICHT  SIDE  OF  TABLE 


9.  Loaf  or  SeductV>n  of  Host  Content 


Point  iietuod  of  giving  off 

best  to  the  external 
envlronaent 


I 


I 


r 


V 


Rets  of 
giving  off 
heat  in 
kcal/hr 


Heat  given  off  fron  surroun¬ 
ding  air  from  the  surface 
of  the  skin  or  clothing: 

«)  in  calm  air 
b>  wind  1  n/sec 

c)  wind  2  m/sec 

d)  wind  10  m/sec 


Heat  given  off  by  radiation 
from  the  surface  of  the  skin 


♦ 

/? 

a* 

•ft 


or  clothing 


Hast  given  off  by  evap¬ 
oration 


a)  constant  minimum 

b)  maximum  in  ordinary 
conditions 


c)  maximum  with  wind 


Heat  given  off  by  light 
unexfcited  respiration 


ao-as 

aso 

sso-tso 

10-30 


Heat  given  off  through  clothing: 

a)  light  clothing(underve*r, dress, 

undershirt)  tX 

b)  indoor'  clothlngfl  do)1  7 

c)  fall  clothing(2  clc) 

d)  winter  clothlng(3  clo)  iff 


a)  warmest  clothlng(6  do) 
f)  thick  fur  sleeping  bag  (11  do) 


Heat  given  off  from  internal 
organs  to  the  surface  of  the  skin: 

a)  when  skin  blood  vessels  are  max¬ 
imally  expanded 

b)  when  skin  blood  \assels  arc 
maximally  contracted 

c)  at  comfort 

Heat  absorbed  when  drinking 
a  glass  water 


Basic  conditions  providing 
data  for  the  level  of  { 

heat  yield;  notes  •  j 


9JL 

Ac 

tf-Ji 

4-5.5 

instantan¬ 

eously 


Difference  of  temperatures:  ! 
for  every  1  degree  of  tem¬ 
perature  of  difference  be-  j 
tween  the  temperature  of  the  > 
surface  of  the  skin  or  j 

clothing  and  air  temperature  ; 
(noted:  to  compute  total  heat 
yielded  it  la  n-c-ssary  to 
take  points  1,3,  &  1  into 
account).  . 

Difference  in  tempers tures : 
for  every  degree  in  I emper- 
aturc  difference  for  the 
surface  of  the  skin  or 
clothing  and  the  walla 

Difference  in  pressure,  vapor 
and  skin  and  in  the  surroun¬ 
ding  air:  clothes,  wind 

This  so-called  Imperceptible 
perspiration 

At  rest  and  when  working  in 
the  shade  when  there  is  no 
wind 

Kith  well  ventilated  wet 
clothing  (when  working) 

Temperature  4  humidity  of 
the  air  Increase  proportional] 
to  the  decrease  in  sir  tem¬ 
perature  (Between  +20  4  -SO) 

4  whan  van  llation  of  the 
lungs  increases  above  2S  1/m 
Difference  in  temperatures, 
for  every  1  degree  of  dif¬ 
ference  between  the  temper¬ 
ature  of  the  surface  ol  the 
body  (33*)  4  the  air  temper¬ 
ature  from  surrounding  ob¬ 
jects  (without  taking  wind 
4  solar  radiation  Into  ac¬ 
count) 

When  calculating  general 
heat  given  off,  add  points 
3  and  4. 


Difference  in  temperatures  of 
internal  organs  4  skin;  for 
every  degree  the  temperature 
falls  between  the  Ctt.y.:in- 
ture  of  the  internal  organ-, 
and  the  skin. 


C.'o  -  is  a  conditional  unit  of  thermal  insulation  of  clothing,  0.18  *Cw‘hr 

kcnl 

in  physical  units  for  thermal  resistance. 


I  * 


ft 


. . . 


In  the  notes  short  explanations  are  given  about  the  character  of  each  of 
the  indicators  and  aethods  for  imploying  thea  in  calculations.  For  coaplete  use 
of  the  data  in  the  table  it  is  of  course  necessary  to  take  into  account  general 
reductions  of  the  theoretical  basis  for  huaan  heat  exchange  as  given  for  exaaple 
in  articles  by  N.K.  Vitte,  P.I.  Gruaenev,  Barton  and  Edholm  and  others.  Soae 
types  of  aore  accurate  calculations  are  possible  after  temperature  research  with 
devices  of  walls,  surfaces  of  clothing,  etc.  But  in  a  number  of  cases,  quite 
satisfactory  data  can  be  obtained  also  by  means  of  calculating  by  logical  schemes. 

As  an  exaaple,  we  might  give  the  case  where  it  is  necessary  to  calculate 
for  example,  of  how  a  pilot  would  feel  who  makes  an  emergency  landing  in  winter 
at  -40*  if  he  is  dressed  in  winter  clothing. 

From  point  5  in  subdivision  B  we  can  determine  the  heat  given  off  through 
winter  clothing  (3.7  keal/hr  per  1*);  the  difference  in  temperature  of  the  skin 
(+'*3*)  anu  the  external  environment  (-40°)  is  73*,  so  that  the  total  heat  given 
off  is  3.7  x  73  -  270  keal/hr. 

From  section  A  of  graph  3  we  see  that  in  order  to  increase  the  level  of  heat 
production  to  the  indicated  limit  it  is  necessary  for  the  pilot  to  perform 
heavy  work.  If  he  just  sits  around  (point  2,  section  A)  he  will  cool  off  and  the 
deficite  will  reach  270  -  100  •  170  keal/hr.  When  losing  170  kcal  of  heat,  he 
is  in  the  zone  of  discomfort  of  tho  second  degree  (see  table  1,  point  7),  i.e., 
in  an  hour  the  pilot  will  freeze.  The  deficiency  in  progress  cannot  be  stopped 
by  chemical-thermal  regulation  (point  4a,  section  A).  In  order  to  preserve  a 
balance  of  heat  while  in  a  state  of  rest  the  pilot  would  have  to  be  given  the 
very  warmest  of  clothing  (point  5e,  section  B)  1.5  x  73*  -  110  kcal.  However, 
as  practice  shows,  such  clothing  is  too  bulky  and  disturbs  or  is  highly  incon¬ 
venient  for  the  pilot  when  in  flight,  and  a  compromise  is  therefore  unavoidable 
between  protective  and  operational  qualities  of  aviation  clothing. 

Similar  examples  could  be  given;  it  is  possible  to  compute,  for  example, 
the  limiting  temperatures  at  whose  limits  the  approximate  equality  of  the  inflow 
and  outflow  o’  heat  would  be  felt.  By  using  the  data  in  table  1  point  7,  it 
is  possible  to  compute  when  the  discoirfort  zones  of  the  I, II,  and  III  degrees 
start,  etc. 

Thus,  the  tables  and  graphs  given  here  make  possible  to  diagnose  roughly 
within  a  wide  temperature  range  the  effects  of  the  external  environment  on 
the  thermal  state  of  man.  The  limits  we  have  suggested  here  for  the  degrees  of 
discomfort  are  a  recognized  attempt  to  broaden  the  problems  of  hygeienic  norms  for 
military  conditions,  in  so  far  as  it  has  long  been  recognized  that  a  general 
hygienic  norms  are  not  always  technically  perceptible  and  the  limits  of  allowable 
deviations  from  them  have  not  been  provided  by  any  means. 

We  consider  it  advisable  to  extend  the  familiar  concepts  of  comfort 
and  discomfort  with  subdivision  of  the  latter  into  gradations  to  other  factors 
of  the  external  environment  (noises,  vibratic  >,  content  of  certain  substances  in 
the  air,  etc.).  The  unification  of  a  system  of  norms  for  military  conditions 
will  obviously  facilitate  a  better  understanding  of  the  requirements  of  military 
medicine  by  the  planning  engineers  of  the  various  services  and  by  the  command  of 
the  commanding  line  units. 
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